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FUEL AND AIR COMPARTMENT 
ARRANGEMENT NOTANGENTIAL FIRING 

SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates to a method for operating pulver 
ized Solid fuel-fired furnaces and to a fuel and air compart 
ment arrangement for Such furnaces operable in accordance 
with the method which is applicable to a wide range of solid 
fuels and which when employed with a pulverized solid 
fuel-fired furnace is capable of providing a favorable emis 
Sions control operation. 

Pulverized solid fuel has been successfully burned in 
Suspension in furnaces by tangential firing methods for a 
long time. The tangential firing technique involves intro 
ducing the pulverized Solid fuel and air into a furnace from 
the four corners thereof so that the pulverized solid fuel and 
air are directed tangentially to an imaginary circle in the 
center of the furnace. This type of firing has many 
advantages, among them being good mixing of the pulver 
ized Solid fuel and the air, Stable flame conditions, and long 
residence time of the combustion gases in the furnaces. 

Recently though, more and more emphasis has been 
placed on the minimization as much as possible of air 
pollution. In this connection, with reference in particular to 
the matter of NO control it is known that oxides of nitrogen 
are created during fossil fuel combustion primarily by two 
Separate mechanisms which have been identified to be 
thermal NO and fuel NO. Thermal NO results from the 
thermal fixation of molecular nitrogen and oxygen in the 
combustion air. The rate of formation of thermal NO is 
extremely Sensitive to local flame temperature and Some 
what leSS So to local concentration of oxygen. Virtually all 
thermal NO is formed at the region of the flame which is at 
the highest temperature. The thermal NO concentration is 
Subsequently "frozen” at the level prevailing in the high 
temperature region by the thermal quenching of the com 
bustion gases. The flue gas thermal NO concentrations are, 
therefore, between the equilibrium level characteristic of the 
peak flame temperature and the equilibrium level at the flue 
gas temperature. 
On the other hand, fuel NO derives from the oxidation of 

organically bound nitrogen in certain fossil fuels. Such as 
coal and heavy oil. The formation rate of fuel NO is 
strongly affected by the rate of mixing of the fossil fuel and 
air Stream in general, and by the local oxygen concentration 
in particular. However, the flue gas NO concentration due 
to fuel nitrogen is typically only a fraction, e.g., 20 to 60 
percent, of the level which would result from complete 
oxidation of all nitrogen in the fossil fuel. From the preced 
ing it should thus now be readily apparent that overall NO 
formation is a function both of local oxygen levels and of 
peak flame temperatures. 

Over the years, there have been numerous modifications 
made to the Standard tangential firing technique. Many of 
these modifications, and in particular those that have been 
Suggested most recently, have been proposed primarily in 
the interest of achieving an even better reduction of emis 
Sions through the use thereof. The resultant of one Such 
modification is the firing System that forms the Subject 
matter of U.S. Pat. No. 5,020,454 entitled “Clustered Con 
centric Tangential Firing System”, which issued on Jun. 4, 
1991 and which is assigned to the same assignee as the 
present patent application. In accordance with the teachings 
of U.S. Pat. No. 5,020,454, there is provided a clustered 
concentric tangential firing System that is particularly Suited 
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2 
for use in fossil fuel-fired furnaces. The clustered concentric 
tangential firing System includes a windbox. A first cluster of 
fuel nozzles are mounted in the windbOX and are operative 
for injecting clustered fuel into the furnace So as to thereby 
create a first fuel-rich Zone therewithin. A Second cluster of 
fuel nozzles are mounted in the windbOX and are operative 
for injecting clustered fuel into the furnace So as to thereby 
create a Second fuel-rich Zone there within. An offset air 
nozzle is mounted in the windbox and is operative for 
injecting offset air into the furnace Such that the offset air is 
directed away from the clustered fuel injected into the 
furnace and towards the walls of the furnace. A close 
coupled Overfire air nozzle is mounted in the windbox and 
is operative for injecting close coupled Overfire air into the 
furnace. A separated overfire air nozzle is mounted within 
the burner region of the furnace So as to be spaced from the 
close coupled overfire air nozzle and So as to be Substantially 
aligned with the longitudinal axis of the windbox. The 
Separated overfire air nozzle is operative for injecting Sepa 
rated overfire air into the furnace. 

The result of another such modification is the firing 
system that forms the subject matter of U.S. Pat. No. 
5,146,858, which is entitled “Boiler Furnace Combustion 
System”, and which issued on Sep. 15, 1992. In accordance 
with the teachings of U.S. Pat. No. 5,146,858, a boiler 
furnace combustion System is provided of the type that 
typically includes main burners disposed on Side walls of or 
at corners of a Square-barrel-shaped boiler furnace having a 
Vertical axis with the burner axes being directed tangentially 
to an imaginary cylindrical Surface coaxial to the furnace. 
Moreover, in this type of boiler furnace combustion System, 
air nozzles are disposed in the boiler furnace at a level above 
the main burners So that unburnt fuel left in a reducing 
atmosphere or a lower oxygen concentration atmosphere of 
a main burner combustion region can be perfectly burnt by 
additional air blown through the air nozzles. The boiler 
furnace combustion System, as taught in U.S. Pat. No. 
5,146,858, is particularly characterized in that two groups of 
air nozzles are disposed at higher and lower levels, respec 
tively. More specifically, the air nozzles at the lower level 
are provided at the corners of the boiler furnace with their 
axes directed tangentially to a Second imaginary coaxial 
cylindrical Surface having a larger diameter than the first 
imaginary coaxial cylindrical Surface. The air nozzles at the 
higher level, on the other hand, are provided at the centers 
of the side wall Surfaces of the boiler furnace with their axes 
directed tangentially to a third imaginary coaxial cylindrical 
Surface having a Smaller diameter than the Second imaginary 
coaxial cylindrical Surface. 
The result of yet another such modification is the firing 

system that forms the subject matter of U.S. Pat. No. 
5,195,450 entitled “Advanced Overfire Air System for NO 
Control', which issued on Mar. 23, 1993 and which is 
assigned to the same assignee as the present patent appli 
cation. In accordance with the teachings of U.S. Pat. No. 
5,195,450, there is provided an advanced overfire air system 
for NO control, which is designed for use in a firing System 
of the type that is particularly Suited for use in fossil 
fuel-fired furnaces. The advanced overfire air system for 
NO control includes multi-elevations of overfire air com 
partments consisting of a plurality of close coupled overfire 
air compartments and a plurality of Separated overfire air 
compartments. The close coupled Overfire air compartments 
are Supported at a first elevation in the furnace and the 
Separated overfire air compartments are Supported at a 
Second elevation in the furnace So as to be spaced from but 
aligned with the close coupled overfire air compartments. 
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Overfire air is supplied to both the close coupled overfire air 
compartments and the Separated overfire air compartments 
such that there is a predetermined most favorable distribu 
tion of overfire air therebetween, Such that the overfire air 
exiting from the Separated overfire air compartments estab 
lishes a horizontal “spray” or “fan” distribution of overfire 
air over the plan area of the furnace, and Such that the 
overfire air exits from the Separated overfire air compart 
ments at Velocities Significantly higher than the Velocities 
employed heretofore. 

The flames produced at each pulverized Solid fuel nozzle 
are Stabilized through global heat-and mass-transfer pro 
cesses. A single rotating flame envelope ("fireball'), cen 
trally located in the furnace, provides gradual but thorough 
and uniform pulverized Solid fuel-air mixing throughout the 
entire furnace. 

The efforts to control NO emissions such as exemplarily 
noted above have also been paralleled by efforts to improve 
the wastage or corrosion of the Sidewalls of a furnace 
operating in the Stoichiometric regimes often associated with 
low NO operation. Reducing conditions along the Sidewalls 
initiate or accelerate wastage of these areas of the furnace. 

Thus, although firing Systems constructed in accordance 
with the teachings of the three issued U.S. patents to which 
reference has been made hereinbefore have been demon 
strated to be operative for the purpose for which they have 
been designed, there has nevertheless been evidenced in the 
prior art a need for Such firing Systems to be improved. More 
Specifically, a need has been evidenced in the prior art for a 
new and improved tangential firing System that would 
enable more flexibility in the control of undesirable emis 
Sions Such as nitric oxides. Additionally, a need has been 
evidenced in the prior art for a new and improved tangential 
firing System which would enhance the resistance to corro 
Sion along the waterwalls of the furnace. 
To thus Summarize, a need has been evidenced in the prior 

art for a new and improved tangential firing System that 
when employed with a pulverized solid fuel-fired furnace is 
capable of optimally reducing undesirable emissions. 

SUMMARY OF THE PRESENT INVENTION 

It is, therefore, an object of the present invention to 
provide a new and improved tangential firing System that is 
particularly Suited for use with pulverized solid fuel-fired 
furnaces. 

Yet another object of the present invention is to provide 
Such a new and improved fuel and air compartment arrange 
ment tangential firing System for pulverized Solid fuel-fired 
furnaces which is characterized in that it is equally well 
Suited for use in either new applications or in retrofit 
applications. 

Yet still another object of the present invention is to 
provide Such a new and improved fuel and air compartment 
arrangement tangential firing System for pulverized Solid 
fuel-fired furnaces which is characterized in that it is rela 
tively easy to install, relatively simple to operate, yet is 
relatively inexpensive to provide. 

Yet still another object of the present invention is to 
provide Such a new and improved fuel and air compartment 
arrangement tangential firing System for pulverized Solid 
fuel-fired furnaces which is characterized in that it enhances 
the resistance to corrosion or wastage along Sidewalls of a 
furnace. 

In accordance with one aspect of the present invention, 
there is provided a tangential firing System for a furnace 
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4 
which is operated Such that the total air Supplied to the 
furnace is allocated among four air components to best 
beneficiate or optimize the furnace operation having a 
Selected windbox configuration. Generally, it is preferred 
that the total air be Supplied in conformance with the 
following relationship: 

(C) total air supplied (100%)=offset air up to a maximum 
of 40%+overfire air up to a maximum of 50%--a 
combined Sub-allocation of the primary air and the fuel 
air of at least 20% 

wherein total air (100%)=Voffset airl+overfire airl+Y 
primary air-Zfuel air 

where V, X, Y, and Z are the respective percent % 
composition of the associated air component in the total 
air and the total air is comprised of primary air, fuel air, 
Overfire air, and offset air as its four components. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic representation in the nature of a 
vertical sectional view of a pulverized solid fuel-fired fur 
nace embodying a fuel and air compartment arrangement of 
a low NO tangential firing System constructed in accor 
dance with the present invention; 

FIG. 2 is a diagrammatic representation in the nature of a 
Vertical Sectional view of a fuel and air compartment 
arrangement of a low NO tangential firing System, which is 
particularly suited for use in pulverized solid fuel-fired 
furnace applications, constructed in accordance with the 
present invention; 

FIG. 3 is a side elevational view of a pulverized solid fuel 
nozzle embodying a flame attachment tip that is employed in 
a fuel and air compartment arrangement of a low NO 
tangential firing System constructed in accordance with the 
present invention; 

FIG. 4 is an end view of the pulverized solid fuel nozzle 
embodying a flame attachment tip that is depicted in FIG. 3 
and which is employed in a fuel and air compartment 
arrangement of a low NO tangential firing System con 
Structed in accordance with the present invention; 

FIG. 5 is a plan view of a firing circle depicting the 
principle of operation of the offset firing that is employed in 
a fuel and air compartment arrangement of a low NO 
tangential firing System constructed in accordance with the 
present invention; 

FIG. 6 is a plan view of a pulverized solid fuel-fired 
furnace embodying a fuel and air compartment arrangement 
of a low NO tangential firing System constructed in accor 
dance with the present invention depicting the principle of 
operation of the adjustable yaw of the Separated overfire air 
that is employed in the fuel and air compartment arrange 
ment of a low NO tangential firing System; 

FIG. 7 is a side elevational view of a pulverized solid 
fuel-fired furnace embodying a fuel and air compartment 
arrangement of a low NO tangential firing System con 
Structed in accordance with the present invention depicting 
the principle of operation of the adjustable tilting of the 
Separated overfire air that is employed in the fuel and air 
compartment arrangement of a low NO tangential firing 
System; 

FIG. 8 is a diagrammatic representation in the nature of a 
vertical sectional view of a pulverized solid fuel-fired fur 
nace embodying a fuel and air compartment arrangement of 
a low NO tangential firing System constructed in accor 
dance with the present invention illustrating the direction of 
flow of the pulverized solid fuel and air injected into the 
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pulverized solid fuel-fired furnace through the main wind 
box thereof, when a Swirl number of greater than 0.6 is 
employed; 

FIG. 9 is a diagrammatic representation in the nature of a 
plan view of a pulverized Solid fuel-fired furnace embodying 
a fuel and air compartment arrangement of a low NO 
tangential firing System constructed in accordance with the 
present invention; 

FIG. 10 is a diagrammatic representation in the nature of 
a vertical Sectional view of another fuel and air compartment 
arrangement of a low NO tangential firing System, which is 
particularly suited for use in pulverized solid fuel-fired 
furnace applications, constructed in accordance with the 
present invention; 

FIG. 11 is an enlarged top plan view of the topmost offset 
air compartment of a windbox of the pulverized solid 
fuel-fired furnace shown in FIG. 1; 

FIG. 12 is a perspective Schematic view, in partial vertical 
Section, of one version of the pulverized coal-firing furnace 
illustrated in FIG. 1 and having a Selected windbox arrange 
ment, 

FIG. 13 is an enlarged perspective view of one of the 
corner windboxes of the furnace shown in FIG. 12 and 
Schematically showing a rotating fireball; and 

FIG. 14 is an enlarged perspective view of one of the 
corner windboxes of another version of the pulverized 
coal-firing furnace illustrated in FIG. 1 and having a Selected 
windbox arrangement and Schematically showing a rotating 
fireball. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawing, and more particularly to 
FIG. 1 thereof, there is depicted therein a pulverized solid 
fuel-fired furnace, generally designated by reference 
numeral 10. The pulverized solid fuel-fired furnace 10 is 
capable of having cooperatively associated there with a fuel 
and air compartment arrangement of a low, generally des 
ignated by the reference numeral 12 in FIG. 2 of the 
drawing, that in accordance with the present invention is 
capable of being installed therein and when So installed 
therein the fuel and air compartment arrangement 12 is 
operative for limiting nitric oxide emissions. For a more 
detailed description of the nature of the construction and the 
mode of operation of the components of the pulverized Solid 
fuel-fired furnace 10, which are not described herein, one 
may have reference to the prior art, e.g., U.S. Pat. No. 
4,719,587, which issued Jan. 12, 1988 to F. J. Berte and 
which is assigned to the same assignee as the present patent 
application. 

Referring further to FIG. 1 of the drawing, the pulverized 
Solid fuel-fired furnace 10 as illustrated therein includes a 
burner region, generally designated by the reference 
numeral 14. As will be described more fully hereinafter in 
connection with the description of the nature of the con 
Struction and the mode of operation of the fuel and air 
compartment arrangement NO. 12, it is within the burner 
region 14 of the pulverized solid fuel-fired furnace 10 that in 
a manner well-known to those skilled in this art combustion 
of the pulverized Solid fuel and air is initiated. The hot gases 
that are produced from combustion of the pulverized solid 
fuel and air rise upwardly in the pulverized solid fuel-fired 
furnace. During the upwardly movement thereof in the 
pulverized solid fuel-fired furnace 10, the hot gases in a 
manner well-known to those skilled in this art give up heat 
to the fluid passing through the tubes (not shown in the 
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6 
interest of maintaining clarity of illustration in the drawing) 
that in conventional fashion line all four of the walls of the 
pulverized solid fuel-fired furnace 10. Then, the hot gases 
exit the pulverized solid fuel-fired furnace 10 through the 
horizontal pass, generally designated by the reference 
numeral 16, of the pulverized solid fuel-fired furnace 10, 
which in turn leads to the rear gas pass, generally designated 
by the reference numeral 18, of the pulverized solid fuel 
fired furnace 10. Both the horizontal pass 16 and the rear gas 
pass 18 commonly contain other heat exchanger Surface (not 
shown) for generating and Super heating Steam, in a manner 
well-known to those skilled in this art. Thereafter, the steam 
commonly is made to flow to a turbine (not shown), which 
forms one component of a turbine/generator Set (not shown), 
such that the steam provides the motive power to drive the 
turbine (not shown) and thereby also the generator (not 
shown), which in known fashion is cooperatively associated 
with the turbine, such that electricity is thus produced from 
the generator (not shown). 
With the preceding by way of background, reference will 

now be had particularly to FIGS. 1 and 2 of the drawing for 
purposes of describing the fuel and air compartment 
arrangement 12, which in accordance with the present 
invention is designed to be cooperatively associated with a 
furnace constructed in the manner of the pulverized Solid 
fuel-fired furnace 10 that is depicted in FIG. 1 of the 
drawing. More specifically, the fuel and air compartment 
arrangement 12 is designed to be utilized in a furnace Such 
as the pulverized solid fuel-fired furnace 10 of FIG. 1 of the 
drawing so that when so utilized therewith the fuel and air 
compartment arrangement 12 is operative to optimally 
reduce undesirable emissions. 
AS best understood with reference to FIGS. 1 and 2 of the 

drawing, the fuel and air compartment arrangement 12 
includes a plurality of housings each preferably in the form 
of a main windbox, denoted by the reference numeral 20 in 
FIGS. 1 and 2 of the drawing. Each main windbox 20 in a 
manner well-known to those skilled in this art is Supported 
by conventional Support means (not shown) in one of the 
four corners of the burner region 14 of the pulverized solid 
fuel-fired furnace 10 such that the longitudinal axis of the 
main windbox 20 extends substantially in parallel relation to 
the longitudinal axis of the pulverized solid fuel-fired fur 
nace 10. 

Continuing with the description of the fuel and air com 
partment arrangement 12, in accordance with the embodi 
ment thereof illustrated in FIG. 2 of the drawing, the main 
windbox 20 includes a pair of end air compartments, 
denoted generally by the reference numerals 22 and 24, 
respectively. As best understood with reference to FIG. 2 of 
the drawing, one of the end air compartments, i.e., that 
denoted by the reference numeral 22, is provided at the 
lower end of the main windbox 20. The other end air 
compartment, i.e., that denoted by the reference numeral 24, 
is provided in the upper portion of the main windbox 20. In 
addition, in accord with the illustration thereof in FIG. 2 of 
the drawing, there are also provided in the main windbox 20 
a plurality of Straight air compartments, denoted generally 
by the reference numerals 26, 28 and 30, respectively, in 
FIG. 2, and a plurality of offset air compartments, denoted 
generally by the reference numerals 32, 34, 36, 38, 40, 42, 
44 and 46, respectively, in FIG. 2. A straight air nozzle is 
Supported in mounted relation, through the use of any 
conventional form of mounting means Suitable for use for 
Such a purpose, within each of the end air compartments 22 
and 24, and within each of the Straight air compartments 26, 
28 and 30. However, an offset air nozzle for a purpose to be 
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described more fully herein Subsequently is Supported in 
mounted relation, through the use of any conventional form 
of mounting means Suitable for use for Such a purpose, 
within each of the offset air compartments 32, 34, 36, 38, 40, 
42, 44 and 46. 
An air Supply means (to be described in more detail later) 

is operatively connected to each of the end air compartments 
22 and 24, to each of the Straight air compartments 26, 28 
and 30, and to each of the offset air compartments 32,34, 36, 
38, 40, 42, 44 and 46 whereby the air supply means supplies 
air thereto and therethrough into the burner region 14 of the 
pulverized solid fuel-fired furnace 10. To this end, the air 
Supply means in known fashion includes a fan (not shown) 
and air ducts (not shown) which are connected in fluid flow 
relation to the fan on the one hand and to the end compart 
ments 22 and 24, the Straight air compartments 26, 28 and 
30, and the offset air compartments 32, 34, 36, 38, 40, 42, 
44 and 46, respectively, on the other hand, through Separate 
valves and controls (not shown). 

With further reference to the main windbox 20, in accord 
with the embodiment thereof illustrated in FIG. 2 of the 
drawing the main windbox 20 is also provided with a 
plurality of fuel compartments, denoted generally by the 
reference numerals 48, 50, 52, 54 and 56, respectively. 
Supported in mounted relation within each of the fuel 
compartments 48, 50, 52, 54 and 56 is a fuel nozzle, the 
latter being illustrated in FIG. 3 of the drawing wherein the 
fuel nozzle is denoted generally by the reference numeral 58. 
Any conventional form of mounting means Suitable for use 
for Such a purpose may be employed to mount a fuel nozzle 
58 in each of the fuel compartments 48, 50, 52, 54 and 56. 
The fuel nozzle 58 is preferably in the form of a flame 
attachment pulverized Solid fuel nozzle tip, the latter being 
illustrated in FIG. 4 of the drawing wherein the flame 
attachment pulverized Solid fuel nozzle tip is denoted gen 
erally by the reference numeral 60. Each of the fuel com 
partments 48, 50, 52, 54 and 56 denoted in FIG. 2 of the 
drawings is operable as a pulverized Solid fuel compartment, 
Such as, for example, a coal compartment. It is to be 
understood, however, that the fuel compartments 48, 50, 52, 
54 and 56 are also suitable for use with other forms of 
pulverized solid fuel, i.e., with any form of pulverized solid 
fuel which is capable of being combusted within the burner 
region 14 of the pulverized solid fuel-fired furnace 10. 
A pulverized Solid fuel Supply means, which is illustrated 

schematically in FIG. 1 of the drawing wherein the pulver 
ized Solid fuel Supply means is denoted generally by the 
reference numeral 62, is operatively connected to the fuel 
nozzles 58, which are supported in mounted relation within 
the fuel compartments 48, 50, 52, 54 and 56, whereby the 
pulverized Solid fuel Supply means 62 Supplies pulverized 
solid fuel to the fuel compartments 48, 50, 52, 54 and 56, and 
more specifically to the fuel nozzles 58 supported in 
mounted relation therewithin for injection therefrom into the 
burner region 14 of the pulverized solid fuel-fired furnace 
10. To this end, the pulverized solid fuel Supply means 62 
includes a pulverizer, seen at 64 in FIG. 1 of the drawing and 
the pulverized solid fuel ducts, denoted by the reference 
numeral 66. The pulverizer 64 is designed to produce 
pulverized Solid fuel of predetermined minimum finenesses 
and may thus embody a rotating classifier of the type 
commonly known as a dynamic classifier (not shown). 
From the pulverizer 64, the pulverized solid fuel having 

the finenesses enumerated hereinabove are transported 
through the pulverized solid fuel ducts 66 from the pulver 
izer 64 to which the pulverized solid fuel ducts 66 are 
connected in fluid flow relation on the one hand to the fuel 
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8 
nozzles 58 supported in mounted relation within the fuel 
compartments 48, 50, 52, 54 and 56 to which on the other 
hand the pulverized solid fuel ducts 66 are connected in fluid 
flow relation through separate valves and controls (not 
shown). Although not shown in the interest of maintaining 
clarity of illustration in the drawing, the pulverizer 64 is 
operatively connected to the fan (not shown) of the air 
Supply means, to which reference has been had hereinbefore, 
Such that air is also Supplied from the fan (not shown) of the 
air supply means to the pulverizer 64 whereby the pulver 
ized solid fuel Supplied from the pulverizer 64 to the fuel 
nozzles 58 supported in mounted relation within the fuel 
compartments 48, 50, 52, 54 and 56 is transported through 
the pulverized solid fuel ducts 66 in an air stream in a 
manner which is well-known to those skilled in the art of 
pulverizers. 
With further reference to the flame attachment pulverized 

solid fuel nozzle tip 60 depicted in FIG. 4 of the drawing, the 
principal function thereof is to effect the ignition of the 
pulverized solid fuel being injected therefrom into the 
burner region 14 of the pulverized solid fuel-fired furnace 10 
at a point in closer proximity, i.e., within two feet thereof, 
than that at which it has been possible to effect ignition 
heretofore with prior art forms of pulverized solid fuel 
nozzle tips. This rapid ignition of the pulverized Solid fuel 
produces a stable volatile matter flame and concomitantly 
minimizes NO production in the pulverized solid fuel-rich 
Stream. 

AS best understood with reference to FIGS. 3 and 4 of the 
drawing, the flame attachment pulverized Solid fuel nozzle 
tip 60 is configured in the nature of a generally rectangular 
shaped box, denoted in FIG. 3 by the reference numeral 70. 
The rectangular shaped box 70 has open ends, seen at 72 and 
74 in FIG. 3, at opposite sides thereof through which the 
pulverized Solid fuel/primary air Stream enters and exits, 
respectively, the flame attachment pulverized Solid fuel 
nozzle tip 60. Surrounding the rectangular shaped box 70 at 
a Small distance away therefrom is a passageway, Seen at 76 
in FIG. 3, for additional air, i.e., combustion Supporting air. 
With further reference thereto, the main windbox 20, in 

accordance with the illustration thereof in FIG. 2 of the 
drawing, may be provided within an auxiliary fuel 
compartment, denoted generally by the reference numeral 
88 in FIG. 2. The auxiliary fuel compartment 88 is operative 
to effect by means of an auxiliary fuel nozzle Suitably 
provided therein the injection therethrough into the burner 
region 14 of the pulverized solid fuel-fired furnace 10 of 
auxiliary fuel, which is in the form of non-pulverized solid 
fuel, i.e., oil or gas, when Such injection thereof is deemed 
to be desirable. For example, it may be deemed to be 
desirable to effect such injection of auxiliary fuel while the 
pulverized Solid fuel-fired furnace 10 is undergoing Start-up. 
Although the main windbox 20 is illustrated in FIG. 2 as 
embodying, if desired, a Single auxiliary fuel compartment 
88, it is to be understood that the main windbox 22 could 
also be provided with additional auxiliary air compartments 
88 without departing from the essence of the present inven 
tion. To this end, if it were desired to provide additional 
auxiliary fuel compartments 88 Such could be accomplished 
by replacing one or more of the Straight air compartments 
26, 28 and 30 with an auxiliary fuel compartment 88. 
A discussion will next be had herein of the principle of 

operation of offset firing. For this purpose, reference will be 
had in particular to FIG. 5 of the drawing. As best under 
stood with reference to FIG. 5, the pulverized solid fuel and 
primary air Stream that is injected into the burner region 14 
of the pulverized solid fuel-fired furnace 10 through the 
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pulverized solid fuel compartments 48, 50, 52, 54 and 56 is 
directed, as schematically depicted at 90 in FIG. 5, towards 
the imaginary small circle denoted in FIG. 5 by the reference 
numeral 92, which is centrally located within the burner 
region 14 of the pulverized solid fuel-fired furnace 10. In 
contradistinction to the pulverized Solid fuel and primary air 
Stream, the combustion Supporting air, i.e., Secondary air, 
that is being injected into the burner region 14 of the 
pulverized solid fuel-fired furnace 10 through the offset air 
compartments 32, 34, 36, 38, 40, 42, 44 and 46 is directed, 
as schematically depicted at 94 in FIG. 5, towards the 
imaginary larger diameter circle denoted by the reference 
numeral 96, which by virtue of being concentric to the small 
circle 92 necessarily is like the Small circle 92 also centrally 
located within the burner region 14 of the pulverized solid 
fuel-fired furnace 10. 
A further description will now be provided of the offset air 

compartments 32, 34, 36,38, 40, 42, 44, and 46. Inasmuch 
as the offset air compartments 32, 34, 36, 38, 40, 42, 44, and 
46 are all identical, a description will be had hereinafter of 
only one of the offset air compartment-namely, the topmost 
offset air compartment 46 will now be described in detail, it 
being understood that the other offset air compartments 32, 
34, 36, 38, 40, 42, and 44 are identical in configuration and 
operation. As seen in FIGS. 10 and 11, the topmost offset air 
compartment 46 is suitably mounted in the windbox 20 and 
the windbox 20 in turn is suitably positioned within the 
burner region 14 of the furnace 10. Moreover, it is noted that 
other windboxes, identical in construction and operation to 
the windbox 20, are suitably located in each of the four 
corners of the furnace 10 So as to form an arrangement in 
which there essentially exists two pairs of windboxes and in 
which each pair of the two respective pair of windboxes 20 
are located Such that one of the windboxes of the respective 
pair is diagonally opposed to the other windbox of the 
respective pair Such that an imaginary diagonal line, one of 
which is denoted as an imaginary diagonal line DL in FIG. 
10, passes through the vertical center VC of the furnace 10. 
As seen in particular in FIG. 11, the topmost offset air 

compartment 46 has mounted therein an offset air nozzle, 
hereinafter denoted as 406, which includes a nozzle tip 408. 
The nozzle tip 408 embodies a plurality of yaw control 
Vanes, each denoted as 410, a damper means 412 operable 
for varying the amount of air flow that passes through the 
offset air nozzle 406, and a tilt drive means 414 operable for 
varying the angle of tilt which the nozzle tip 408 bears 
relative to the horizontal-i.e., relative to a horizontal plane 
passing through the nozzle tip 408 perpendicular to the 
vertical axis defined by the windbox 20. Additionally, the 
nozzle tip 408 includes ignitor means 416 operable to 
establish a stable flame in proximity to the offset air nozzle 
406 within the burner region 14 of the furnace 10 and a flame 
scanner 418 operable to, detect in proximity to the offset air 
nozzle 406, the absence of a flame within the burner region 
14 of the furnace 10. 
The function of the yaw control vanes 410 will now be 

described in connection with the Supply of offset air through 
the topmost offset air compartment 46 with respect to the 
small circle 92 and the imaginary larger diameter circle 96 
shown in FIG. 10. The fuel which is injected into the burner 
region 14 of the furnace 10 through the fuel compartments 
48, 50, 52,54, and 56 is directed towards the Small circle 92 
which is coaxial with the vertical center VC of the furnace 
10 in other words, the small circle 92 is centrally located 
within the burner region 14 of the furnace 10. In contradis 
tinction to the fuel, the air which is injected into the burner 
region 14 of the furnace 10 through the offset air compart 
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10 
ments 32, 34, 36, 38, 40, 42, 44, and 46 is, as a consequence 
of the action of the yaw control vanes 410, directed toward 
the imaginary larger diameter circle 96 that, by virtue of 
being concentric to the Small circle 92, is also centrally 
located in the burner region 14 of the furnace 10. Thus, it can 
be appreciated that, by virtue of the action of the yaw control 
vanes 410 that are embodied in the nozzle tip 408, the air 
which is injected into the burner region 14 of the furnace 10 
through the offset air compartments 32, 34, 36, 38, 40, 42, 
44, and 46 is directed toward the imaginary larger diameter 
circle 96-i.e., away from the fuel that is injected into the 
burner region 14 of the furnace 10 and toward the walls of 
the furnace 10. Additionally, it can be appreciated that the air 
which is introduced into the burner region 14 of the furnace 
10 through the offset air compartments 32,34, 36,38, 40, 42, 
44, and 46 functions in the manner of air which is interposed 
between the rotating fireball and the walls of the furnace 10 
so as to “blanket” the walls and thereby protect them from 
the reducing atmosphere which exists within the furnace 10 
when in operation. 

Horizontally offsetting some of the secondary airflow 
through the main windbox 20 makes less air available to the 
pulverized Solid fuel and primary air Stream during the early 
Stages of combustion. It also creates an oxidizing environ 
ment near the waterwalls of the pulverized solid fuel-fired 
furnace 10 in and above the firing Zone of the pulverized 
Solid fuel and primary air. This has the effect of reducing ash 
deposition quantity and tenacity and results in both less 
usage of the wall blowers and increased heat absorption in 
the lower portion of the pulverized solid fuel-fired furnace 
10. Increased O levels along the waterwalls of the pulver 
ized solid fuel-fired furnace 10 also reduce corrosion 
potential, especially when pulverized Solid fuels with high 
concentrations of Sulfur, iron, or alkali metals (K, Na) are 
fired. Corrosion by sulfidation or other mechanism(s) can be 
largely controlled in practice by minimizing the potential for 
direct impingement of the pulverized Solid fuel and primary 
air stream on the waterwalls of the pulverized solid fuel 
fired furnace 10. This potential is addressed via conservative 
heat release parameters and geometries of the pulverized 
solid fuel-fired furnace 10, as well as improved control of 
the fineness of the pulverized solid fuel being combusted 
within the pulverized solid fuel-fired furnace 10. 

Continuing with the description of the fuel and air com 
partment arrangement 12, in accord with the illustrated 
embodiment thereof in FIG. 2 of the drawing, one or more 
overfire air compartments of the type commonly referred to 
as a “close coupled' overfire air compartment may be 
provided to Supply overfire air having certain predetermined 
characteristics Such as, for example, a predetermined Vol 
ume and momentum. As an exemplary illustration of one 
Such arrangement, as Seen in FIG. 2, the fuel and air 
compartment arrangement 12 may include a pair of close 
coupled overfire air compartments, which are denoted gen 
erally by the reference numerals 98 and 100, respectively, 
and are provided in the main windbox 20 within the upper 
portion thereof Such as to be located Substantially in juxta 
posed relation to the end air compartment 24. A close 
coupled overfire air nozzle is Supported in mounted relation 
through the use of any conventional form of mounting 
means (not shown) Suitable for use for Such a purpose within 
each of the close coupled overfire air compartments 98 and 
100. Each of the close coupled overfire air compartments 98 
and 100 is operatively connected to the same air supply 
means (not shown) to which, as has been described herein 
previously, each of the end air compartments 22 and 24 as 
well as each of the straight air compartments 26, 28 and 30 
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and each of the offset air compartments 32, 34, 36, 38, 40, 
42, 44 and 46 is operatively connected such that this air 
Supply means (not shown) Supplies. Some of the combustion 
Supporting air to each of the close coupled overfire air 
compartments 98 and 100 for injection therethrough into the 
burner region 14 of the pulverized solid fuel-fired furnace 
10. 

With further regard to the nature of the construction of the 
fuel and air compartment arrangement 12, one or more 
overfire air compartments of the type commonly referred to 
as a “separated overfire air compartment may be provided 
to Supply overfire air having certain predetermined charac 
teristics Such as, for example, a predetermined Volume and 
momentum. As an exemplary illustration of one Such 
arrangement, as Seen in FIG. 2, the fuel and air compartment 
arrangement 12 may include a separated overfire air level 
incorporated in each corner of the pulverized Solid fuel-fired 
furnace 10 so as to be located between the top of the main 
windbox 20 and the furnace outlet plane, depicted by the 
dotted line 102 in FIG. 1, of the pulverized solid fuel-fired 
furnace 10. In accordance with the embodiment thereof 
illustrated in FIGS. 1 and 2 of the drawing, the fuel and air 
compartment arrangement 12 exemplarily embodies a dis 
crete level of Separated overfire air denoted generally in 
FIGS. 1 and 2 of the drawing by the reference numeral 104. 
The level 104 of separated overfire air is suitably supported 
through the use of any conventional form of Support means 
(not shown) Suitable for use for Such a purpose within the 
burner region 14 of the pulverized solid fuel-fired furnace 10 
so as to be suitably spaced from the top of the windbox 20, 
and more specifically from the top of the close coupled 
overfire air compartment 100 thereof, and so as to be 
Substantially aligned with the longitudinal axis of the main 
windbox 20. The level 104 of separated overfire air is 
suitably located between the top of the main windbox 20 and 
the furnace outlet plane 102 such that the time that it takes 
for the gases generated from the combustion of the pulver 
ized solid fuel to travel from the top of the main windbox 20 
to the top of the furnace, i.e., the residence time, exceeds 0.3 
Seconds. 

Continuing with the description of the level 104 of 
Separated overfire air, in accordance with the embodiment 
thereof illustrated in FIGS. 1 and 2 of the drawing, the level 
104 of separated overfire air embodies three separated 
overfire air compartments denoted by the reference numerals 
108, 110 and 112 in FIG. 2 of the drawing. A separated 
overfire air nozzle is Supported in mounted relation through 
the use of any conventional form of mounting means (not 
shown) Suitable for use for Such a purpose in each of the 
separated overfire air compartments 108, 110 and 112 of the 
level 104 of separated overfire air such that each of Such 
Separated overfire air nozzles is capable of both yaw move 
ment and tilting movement. AS best understood with refer 
ence to FIG. 6 of the drawing, yaw movement is intended to 
refer to movement in a horizontal plane, i.e., movement in 
the manner of the arrow denoted by the reference numeral 
120 in FIG. 6. On the other hand, tilting movement as best 
understood with reference to FIG. 7 of the drawing is 
intended to refer to movement in a vertical plane, i.e., 
movement in the manner of the arrow denoted by the 
reference numeral 122 in FIG. 7. 

Completing the description of the level 104 of separated 
overfire air, each of the Separated overfire air compartments 
108, 110 and 112 is operatively connected in fluid flow 
relation to the same air Supply means (not shown) to which, 
as has been described herein previously, each of the end air 
compartments 22 and 24, each of the Straight air compart 
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12 
ments 26, 28 and 30, each of the offset air compartments 32, 
34, 36, 38, 40, 42, 44 and 46, and each of the close coupled 
overfire air compartments 98 and 100 is operatively con 
nected Such that this air Supply means (not shown) Supplies 
Some of the combustion Supporting air to each of the 
separated overfire air compartments 108, 110 and 112 for 
injection therethrough into the burner region 14 of the 
pulverized solid fuel-fired furnace 10. 
By utilizing the yaw and tilt positioning capability of the 

separated overfire air compartments 108, 110 and 112 of the 
level 104 of separated overfire air, it is possible by virtue 
thereof to effect tuning of the combustion air and furnace gas 
mixing process. 
A brief description will now be set forth herein of the 

mode of operation of the fuel and air compartment arrange 
ment 12 constructed in accordance with the present 
invention, which is designed to be employed in a pulverized 
solid fuel-fired furnace, such as the pulverized solid fuel 
fired furnace 10 illustrated in FIG. 1 of the drawing. In 
accordance with the mode of operation of the fuel and air 
compartment arrangement 12 there is Supplied from the 
pulverizer 64 pulverized Solid fuel having an appropriate 
fineness level. The pulverized solid fuel is transported in an 
air stream through the fuel ducts 66 from the pulverizer 64 
to the pulverized solid fuel compartments 48, 50, 52, 54 and 
56. The pulverized solid fuel, while still entrained in an air 
Stream, is then injected into the burner region 14 of the 
pulverized solid fuel-fired furnace 10 through the flame 
attachment pulverized solid fuel nozzle tip 60 that is suitably 
provided for this purpose in each of the pulverized solid fuel 
compartments 48, 50, 52, 54 and 56. 

Continuing with the description of the mode of operation 
of the fuel and air compartment arrangement 12, a prees 
tablished amount of combustion Supporting air in the form 
of Secondary air is injected into the burner region 14 of the 
pulverized solid fuel-fired furnace 10 through each of the 
end air compartments 22 and 24, each of the Straight air 
compartments 26, 28 and 30, and each of the offset air 
compartments 32, 34, 36, 38, 40, 42, 44 and 46 so as to 
achieve a predetermined Stoichiometry-namely, a Substo 
ichiometric regime-in the furnace 10 in a So-called primary 
combustion Zone in the burner region 14. The term 
Stoichiometry, as employed herein, is defined to mean the 
theoretical amount of air that is required to complete the 
combustion of the pulverized solid fuel. 

In addition to the combustion Supporting air that as has 
been described hereinbefore is injected into the primary 
combustion Zone, a preestablished amount of combustion 
Supporting air in the form of close coupled overfire air is 
injected into the burner region 14 of the pulverized solid 
fuel-fired furnace 10 through each of the close coupled 
overfire air compartments 98 and 100 such that the 
stoichiometry, which exists within the burner region 14 of 
the pulverized solid fuel-fired furnace 10 at another com 
bustion Zone above the primary combustion Zone, is of a 
predetermined value. 
With further reference to the mode of operation of the fuel 

and air compartment arrangement 12 constructed in accor 
dance with the present invention, a preestablished amount of 
combustion Supporting air in the form of Separated overfire 
air is injected into the burner region 14 of the pulverized 
solid fuel-fired furnace 12. More specifically, a first prees 
tablished amount of Such combustion Supporting air in the 
form of Separated overfire air is injected into the burner 
region 14 of the pulverized solid fuel-fired furnace 10 
through each of the separated overfire air compartments 108, 
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110 and 112 of the level 104 of separated overfire air such 
that the stoichiometry within a further combustion Zone 
above both the primary combustion Zone and the other 
combustion Zone within the burner region 14 of the pulver 
ized solid fuel-fired furnace 10 is of a predetermined value. 

The tangential firing System of the present invention is 
configured to Supply air in accordance with a preferred air 
distribution arrangement So as to beneficiate or optimize one 
or more operational parameterS Such as, for example, the 
reduction of nitric oxides. To illustrate Several exemplary 
variations of a preferred air distribution arrangement of the 
tangential firing System of the present invention, reference is 
now another version of the furnace illustrated in FIGS. 1-10 
in which the windbox arrangement of this other version is 
different than the windbox arrangement of the furnace 
illustrated in FIGS. 1-10 although the furnace is operated to 
produce a rotating fireball through tangential firing in a 
manner basically similar to that of the furnace illustrated in 
FIGS. 1-9. Reference is thus had to FIGS. 12 and 13 in 
which a fossil fuel-fired furnace is shown which is operable 
in accordance with the present invention to distribute air in 
the preferred manner of the present invention. The fossil 
fuel-fired furnace includes a concentric tangential firing 
System and a plurality of walls embodying there within a 
burner region. The concentric tangential firing System is 
generally designated as 200 in FIG. 12 and is operable in a 
combustion chamber forming a burner region 202 of a fossil 
fuel-fired furnace 204 which may be a pulverized coal-fired 
furnace. The burner region 202 defines a longitudinal axis 
BL extending vertically through the center of the burner 
region. 

The combustion chamber forming the burner region 202 
has four corners each Substantially equidistant from adjacent 
cornerS Such that the combustion chamber has a Substan 
tially square cross section. Four windboxes 206 are each 
located in a respective one of the four corners of the 
combustion chamber. Each of the windboxes 206 comprises 
a plurality of compartments which will now be described in 
greater detail with particular reference to FIG. 13 which 
illustrates a portion of one of the windboxes 206, hereinafter 
designated the first windbox 206A, and which is designated 
for this descriptive purpose as a representative windbox, it 
being understood that the other windboxes are identical in 
configuration and operation to this representative windbox. 

The first windbox 206A includes a series of compartments 
208 each for introducing therethrough fuel, air, or both fuel 
and air Such that a combination of air and fuel is introduced 
into the combustion chamber via this Series of compart 
ments. The series of compartments 208 extend into the 
bottom half of the furnace 204 in a vertical arrangement with 
the Series of compartments 208 being Successively located 
one below another in an extent from a topmost one of the 
compartments, designated the topmost compartment 
208TM, to a bottommost one of the compartments. 

The first windbox 206A, in the topmost compartment 
208TM, includes a close coupled overfire air nozzle 210 for 
injecting air into the combustion chamber. The first windbox 
206A further includes, as seen in FIG. 13, a plurality of fuel 
nozzles 212 each Suitably mounted in a respective one of the 
compartments 208 for tangentially firing fuel into the com 
bustion chamber. Three of the fuel nozzles 212, hereinafter 
designated as the fuel nozzles 212A, 212B, and 212C, are 
representatively shown in their mounted disposition in the 
compartments 208. The fuel nozzles 212A, 212B, and 212C 
fire fuel in a fuel firing direction tangential to a fireball RB 
that rotates or Swirls generally about the longitudinal axis 
BL of the burner region202 while flowing upwardly therein. 
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The tangential fuel firing direction, hereinafter designated 
the fuel firing direction FO, is at an angle from the diagonal 
DD. The diagonal DD lies in a plane 214 which passes 
through the respective juxtaposed pair of opposed corners of 
the combustion chamber. 
An end air nozzle 218 is disposed in the respective 

compartment 208 immediately below the topmost compart 
ment 208TM. The first windbox 206A further includes a 
close coupled overfire air nozzle 220 for introducing air 
from the topmost air compartment 208TM into the combus 
tion chamber tangential to the rotating fireball RB. The close 
coupled overfire air nozzle 220 introduces air along an air 
offset direction AO which is offset from the diagonal DD to 
the same side thereof as the fuel firing direction FO (in other 
words, the direction from the diagonal DD to the fuel firing 
direction FO and to the air offset direction AO is the 
Same-counterclockwise as seen in FIG. 13). Additionally, 
the air offset direction AO is typically set to the same offset 
angle as the fuel firing direction FO. The offset fired fuel and 
air create and Sustain the Swirling or rotating fireball RB in 
the combustion chamber. Additionally, the air collectively 
introduced via the close coupled overfire air nozzle 206 as 
well as air introduced via any other compartment 208 is in 
an amount less than the amount required for complete 
combustion of the fuel fired into the burner region 202 such 
that the portion of the burner region 202 associated with the 
compartments 208 is characterized by a sub-stoichiometric 
combustion condition. 

Further details of the operation of the furnace shown in 
FIGS. 12 and 13 in accordance with the one variation of the 
preferred air distribution arrangement of the present inven 
tion will now be described. Solely for the purpose of 
facilitating this description, the Several definitional terms are 
now presented to characterize the composition of the air 
provided during the combustion process. This air may be 
conceived of as comprised of four components-primary 
air, fuel air, overfire air, and offset air. The primary air is that 
portion of the air which entrains and transports the fuel 
through a fuel nozzle tip. For example, primary air is the air 
which transports the Solid pulverized fuel through the open 
end 74 of the solid fuel nozzle tip 60 illustrated in FIGS. 3 
and 4. The fuel air is that portion of the air which is supplied 
through the same compartments as the compartments in 
which the fuel nozzle tips are disposed and typically com 
prises additional combustion Supporting air which is Sup 
plied at the same angular orientation as the primary air. For 
example, the air Supplied through the passageway 76 of the 
solid fuel nozzle tip 60 shown in FIG. 3 is fuel air. Overfire 
air is that portion of the air which is Supplied from a location 
above the topmost fuel compartment-for example, above 
the topmost fuel compartment 212A. Offset air is that 
portion of the air which is Supplied at an angular orientation 
So as to Support the imaginary larger diameter circle con 
centric to the Smaller circle Supported by the introduced fuel, 
primary air, and fuel air. For example, the Secondary air 
Supplied to create and Support the imaginary larger diameter 
circle 96 shown in FIG. 5 is offset air. 

In accordance with Several preferred air distribution 
arrangements of the present invention, each of the four 
components of the total air Supplied into the furnace com 
prises a preferred percentage of the total air. The allocation 
of each of the four components of the total air is appropri 
ately tailored or customized to the particular windbox 
arrangement of the furnace. One variation of a preferred air 
distribution arrangement in accordance with present inven 
tion is Suitable for a windbox arrangement Such as illustrated 
in FIGS. 12 and 13 and is characterized by the following 
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principal features: (1) offset air is Supplied from a location 
at a Selected one of the topmost compartment of the 
windbox, adjacently above the topmost compartment of the 
windbox, and adjacently below the topmost compartment of 
the windbox, Such as the offset air Supplied through offset 
nozzle 220 at the topmost compartment 208TM, and (2) 
overfire air (i.e., air above the topmost fuel compartment) is 
also Supplied Such as, for example, close coupled overfire 
air. In this one variation, the following percent allocations 
among the four air components are preferred: 

(A) 
primary air-between 16-24% 
fuel air-between 12-25% 
overfire air-between 4-45% 
offset air-between 4-35% 

wherein the total air supplied into the furnace=100%. 
It is to be understood that this preferred air distribution 

arrangement is Suitable for windbox arrangements having 
other features in addition to the two above noted principal 
features of the offset air and the overfire air adjacent the top 
of the compartments. For example, this preferred air distri 
bution arrangement is Suitable for a windbox arrangement 
such as illustrated in and described with respect to FIG. 2 in 
which, additionally offset air is Supplied adjacent to all of the 
fuel (coal) nozzles. 

Another variation of a preferred air distribution arrange 
ment in accordance with the present invention is Suitable for 
a windbox arrangement which is characterized by the fol 
lowing principal features: (1) offset air is Supplied relatively 
adjacently above, below, or through the topmost 
compartment, Such as the offset air Supplied through the 
offset nozzle 220 at the topmost compartment 208TM, and 
(2) close coupled overfire air (i.e., overfire air relatively 
closely above the topmost fuel compartment) is Supplied. 
The following percent allocations among the four air com 
ponents are preferred for this variation: 

(B) 
primary air-between 12–25% 
fuel air-between 12-25% 
overfire air-between 10-45% 
offset air-between 5-40% 

wherein the total air supplied into the furnace=100%. 
Thus, as illustrated by the one and the another variations 

of the preferred air distribution arrangement just described, 
the total air Supplied to the furnace by the tangential firing 
System of the present invention is allocated among the four 
air components to best beneficiate or optimize the furnace 
operation having a Selected windbox configuration. 
Generally, it is preferred that the total air be Supplied in 
conformance with the following relationship: 

(C) total air supplied (100%)=offset air up to a maximum 
of 40%+overfire air up to a maximum of 50%--a 
combined Sub-allocation of the primary air and the fuel 
air of at least 20% 

wherein total air (100%)=Voffset airl+Xoverfire airl+Y 
primary air-Z fuel air 

where V, X, Y, and Z are the respective percent% 
composition of the associated air component in the total 
a. 

FIG. 14 illustrates a variation of the version of the 
tangential firing system described with respect to FIGS. 12 
and 13 in which, in this variation, a Single level of Separated 
overfire air is additionally Supplied. In the variation illus 
trated in FIG. 14, the firing System is operable in a com 
bustion chamber forming a burner region 302 having four 
corners each Substantially equidistant from adjacent corners 
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Such that the combustion chamber has a Substantially Square 
croSS Section. Four windboxes are each located in a respec 
tive one of the four corners of the combustion chamber. Each 
of the windboxes comprises a plurality of compartments 
which will now be described in greater detail with particular 
reference to FIG. 14 which illustrates a portion of one of the 
windboxes, hereinafter designated the first windbox 306A, 
and which is designated for this descriptive purpose as a 
representative windbox, it being understood that the other 
windboxes are identical in configuration and operation to 
this representative windbox. 
The first windbox 306A includes a series of compartments 

308 each for introducing therethrough fuel, air, or both fuel 
and air Such that a combination of air and fuel is introduced 
into the combustion chamber via this Series of compart 
ments. The series of compartments 308 extend into the 
bottom half of the furnace in a vertical arrangement with the 
Series of compartments 308 being Successively located one 
below another in an extent from a topmost one of the 
compartments, designated the topmost compartment 
308TM, to a bottommost one of the compartments. 

The first windbox 306A includes, in the topmost com 
partment 308TM, a close coupled overfire air nozzle 310 for 
injecting air into the combustion chamber. The first windbox 
306A further includes, as seen in FIG. 14, a plurality of fuel 
nozzles 312 each Suitably mounted in a respective one of the 
compartments 308 for tangentially firing fuel into the com 
bustion chamber. Three of the fuel nozzles 312, hereinafter 
designated as the fuel nozzles 312A, 312B, and 312C, are 
representatively shown in their mounted disposition in the 
compartments 308. The fuel nozzles 312A, 312B, and 312C 
fire fuel in a direction tangential to a fireball RB that rotates 
or Swirls generally about the longitudinal axis BL of the 
burner region 302 while flowing upwardly therein. The 
tangential fuel firing direction, hereinafter designated the 
offset fuel firing direction FO, is at an angle from the 
diagonal DD. The diagonal DD lies in a plane 314 which 
passes through the respective juxtaposed pair of opposed 
corners of the combustion chamber. 
An end air nozzle 318 is disposed in the respective 

compartment 308 immediately below the topmost compart 
ment 308TM. The first windbox 306A further includes a 
close coupled overfire air nozzle 320 for introducing air 
from the topmost air compartment 308TM into the combus 
tion chamber tangential to the rotating fireball RB. The close 
coupled overfire air nozzle 320 introduces air along an air 
offset direction AO which is offset from the diagonal DD to 
the same side thereofas the offset fuel firing direction FO (in 
other words, the direction from the diagonal DD to the offset 
fuel firing direction FO and to the air offset direction AO is 
the same-counterclockwise as seen in FIG. 14). The first 
windbox 306A includes a single level of separated overfire 
air Supplied through an air nozzle disposed in a separated 
overfire air compartment 322. 
The offset fired fuel and air create and Sustain the Swirling 

or rotating fireball RB in the combustion chamber. 
Additionally, the air collectively introduced via the close 
coupled overfire air nozzle 320 as well as air introduced via 
any other compartment 308 is in an amount less than the 
amount required for complete combustion of the fuel fired 
into the burner region 302 such that the portion of the burner 
region 302 associated with the compartments 308 is char 
acterized by a Sub-Stoichiometric combustion condition. 

Attention is now drawn to a further variation of a pre 
ferred air distribution arrangement in accordance with the 
present invention which is Suitable for a windbox arrange 
ment having Separated overfire air Such as illustrated in FIG. 
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14 and which is characterized by the following principal 
features: (1) offset air is Supplied relatively adjacently 
above, below, or through the topmost compartment, Such as 
the offset air supplied through the offset nozzle 320 at the 
topmost compartment 308TM, (2) overfire air (i.e., air above 
the topmost fuel compartment) is Supplied, and (3) separated 
overfire air is also Supplied. The following percent alloca 
tions among the four air components are preferred in this 
variation: 

(D) 
primary air-between 14-22% 
fuel air-between 9-22% 
overfire air-between 30-46% 
offset air-between 5-37% 

wherein the total air supplied into the furnace=100%. 
A further additional variation of the preferred air distri 

bution arrangement is Suitable for a windbox arrangement 
having Separated overfire air Such as the windbox arrange 
ment variation illustrated in FIG. 14 and is characterized by 
two of the same principal features: namely, (1) overfire air 
(i.e., air above the topmost fuel compartment) is Supplied 
and (2) separated overfire air is also Supplied) and, further, 
by another principal feature of (3) offset air Supplied rela 
tively adjacently below the overfire air topmost compart 
ment (instead of through the offset nozzle 320 at the topmost 
compartment 308TM as in the windbox arrangement illus 
trated in FIG. 14). The following percent allocations among 
the four air components are preferred for this variation: 

(E) 
primary air-between 17–26% 
fuel air-between 10–24% 
overfire air-between 15-40% 
offset air-between 5-40% 

wherein the total air supplied into the furnace=100%. 
Another further variation of the preferred air distribution 

arrangement in accordance with the present invention is 
Suitable for a windbox arrangement which is characterized 
by the following principal features: (1) overfire air (i.e., air 
above the topmost fuel compartment) and (2) separated 
overfire air are Supplied, Similar to the windbox arrangement 
illustrated in FIG. 14, but with the additional principal 
features that (3) offset air is Supplied relatively adjacently 
below the overfire air topmost compartment (instead of 
through the offset nozzle 320 at the topmost compartment 
308TM as in the windbox arrangement illustrated in FIG. 
14) and (4) separated air is Supplied through at least two 
levels including a high level and a low level. An exemplary 
illustration of one such arrangement is illustrated in FIG. 10 
in which the fuel and air compartment arrangement 12 
includes all of the features of the windbox arrangement 
illustrated with respect the windbox 20 illustrated in FIGS. 
1-9 except that, in lieu of the single level of separated 
overfire air incorporated in the windbox 20 illustrated in 
FIGS. 1-9, the windbox 20A of the furnace 10 illustrated in 
FIG. 10 includes two discrete levels of separated overfire air 
incorporated in each corner of the pulverized Solid fuel-fired 
furnace 10. For ease of explanation, those components of the 
windbox 20A illustrated in FIG. 10 which are identical to the 
components illustrated in FIG. 2 with respect to the windbox 
20 are designated with the same reference numerals. 

The fuel and air compartment arrangement 12 of the 
windbox 20A illustrated in FIG. 10 embodies two discrete 
levels of Separated overfire air, i.e., a low level of Separated 
overfire air denoted generally by the reference numeral 104 
and a high level of Separated overfire air denoted generally 
by the reference numeral 106. The low level 104 of sepa 
rated overfire air and the high level 106 of separated overfire 
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air are suitably located between the top of the main windbox 
20 and the furnace outlet plane 102 such that the time that 
it takes for the gases generated from the combustion of the 
pulverized solid fuel to travel from the top of the main 
windbox 20 to the top of the high level 106 of separated 
overfire air, i.e., the residence time, exceeds a predetermined 
value Such as, e.g., 0.3 Seconds. 

The high level 106 of separated overfire air also embodies 
three separated overfire air compartments denoted by the 
reference numerals 114, 116 and 118. A separated overfire 
air nozzle is Supported in mounted relation through the use 
of any conventional form of mounting means (not shown) 
Suitable for use for Such a purpose in each of the Separated 
overfire air compartments 114, 116 and 118 of the high level 
106 of separated overfire air such that each of such separated 
overfire air nozzles is capable of both yaw movement and 
tilting movement. Each of the Separated overfire air com 
partments 114, 116 and 118 of the high level 106 of 
Separated overfire air is operatively connected in fluid flow 
relation to the same air Supply means Such that this air 
Supply means Supplies Some of the combustion Supporting 
air to each of the Separated overfire air compartments 114, 
116 and 118 for injection therethrough into the burner region 
14 of the pulverized solid fuel-fired furnace 10. The follow 
ing percent allocations among the four air components are 
preferred for this variation: 

(F) 
primary air-between 21-25% 
fuel air-between 13-15% 
overfire air-between 30-50% 
offset air-between 7-20% 

wherein the total air supplied into the furnace=100%. 
Thus, in accordance with the present invention there has 

been provided a new and improved tangential firing System 
that is particularly suited for use with pulverized solid 
fuel-fired furnaces. Besides, there has been provided in 
accord with the present invention Such a new and improved 
tangential firing System for pulverized Solid fuel-fired fur 
naces which is characterized in that through the use of a 
preferred air distribution arrangement, the operation of a 
furnace can be beneficiated or optimized. Finally, in accor 
dance with the present invention there has been provided 
Such a new and improved fuel and air compartment arrange 
ment tangential firing System for pulverized Solid fuel-fired 
furnaces which is characterized in that it is relatively easy to 
install, relatively simple to operate, yet is relatively inex 
pensive to provide. 
While several embodiments of our invention have been 

shown, it will be appreciated that modifications thereof, 
Some of which have been alluded to hereinabove, may still 
be readily made thereto by those skilled in the art. We, 
therefore, intend by the appended claims to cover the 
modifications alluded to herein as well as all the other 
modifications which fall within the true spirit and scope of 
our invention. 
We claim: 
1. A method of operating a Solid fuel-fired furnace having 

a plurality of windboxes each having a plurality of com 
partments through which fuel and air are introduced into the 
furnace, one of the plurality of compartments being a 
topmost compartment at a height greater than the other 
compartments, the method comprising: 

feeding Solid fuel into the furnace; 
Supplying primary air into the furnace, the primary air 

being that portion of the air Supplied to the furnace 
which entrains and transports the fuel through fuel 
nozzle tips disposed in Selected compartments of the 
windbox of the furnace; 
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Supplying additional combustion Supporting air into the 
furnace, the additional combustion Supporting air being 
that portion of the air Supplied to the furnace through 
those compartments in which the fuel nozzle tips are 
disposed but not entraining any fuel, the primary air 
and the additional combustion Supporting air being 
Supplied into the furnace in a direction tangential to a 
first imaginary circle generally located in the center of 
the furnace So as to interact with the fuel fed into the 
furnace So as to create a rotating fireball; 

Supplying overfire air into the furnace, the overfire air 
being that portion of the air Supplied to the furnace 
from a location above the topmost fuel compartment; 

Supplying offset air into the furnace, the offset air being 
that portion of the air Supplied to the furnace So as to 
Support a Second imaginary circle concentric to, and 
having a larger diameter than the first imaginary circle, 
wherein the total air Supplied into the furnace is com 
posed of the primary air, additional combustion Sup 
porting air, overfire air, and offset air in accordance 
with the following relationship: 

total air (100 percent)=(offset air up to a maximum of 40 
percent)+(overfire air up to a maximum of 50 
percent)+(a combined Sub-allocation of the primary air 
and the additional combustion Supporting air of at least 
20 percent) 

wherein total air (100 percent) =V(offset air) +X(overfire 
air) +Y(primary air) +Z (additional combustion Sup 
porting air) 

and V, X, Y, and Z are the respective percent composition 
of the associated air component in the total air. 

2. The method of operating a Solid fuel-fired furnace 
according to claim 1 wherein the Step for Supplying offset air 
into the furnace includes Supplying offset air from a location 
at a Selected one of the topmost compartment of a windbox, 
adjacently above the topmost compartment of a windbox, 
and adjacently below the topmost compartment of a 
windbox, and the total air is composed of the following 
percent compositions: 

between 16 percent-24 percent of primary air, 
between 12 percent-25 percent of additional combustion 

Supporting air, 
between 4 percent-45 percent of Overfire air, and 
between 4 percent-35 percent of offset air. 
3. The method of operating a solid fuel-fired furnace 

according to claim 1 wherein the Step for Supplying offset air 
into the furnace includes Supplying offset air from a location 
at a Selected one of the topmost compartment of a windbox, 
adjacently above the topmost compartment of a windbox, 
and adjacently below the topmost compartment of a 
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windbox, and the total air is composed of the following 
percent compositions: 

between 12 percent-25 percent of primary air, 
between 12 percent-25 percent of additional combustion 

Supporting air, 
between 10 percent-45 percent of overfire air, and 
between 5 percent-40 percent of offset air. 
4. The method of operating a solid fuel-fired furnace 

according to claim 1 wherein the Step for Supplying offset air 
into the furnace includes Supplying offset air from a location 
at a Selected one of the topmost compartment of a windbox, 
adjacently above the topmost compartment of a windbox, 
and adjacently below the topmost compartment of a 
windbox, and the total air is composed of the following 
percent compositions: 

between 14 percent-22 percent of primary air, 
between 9 percent-22 percent of additional combustion 

Supporting air, 
between 30 percent-46 percent of overfire air, and 
between 5 percent-37 percent of offset air claim. 
5. The method of operating a solid fuel-fired furnace 

according to claim 1 wherein the Step for Supplying offset air 
into the furnace includes Supplying offset air from a location 
at a Selected one of the topmost compartment of a windbox, 
adjacently above the topmost compartment of a windbox, 
and adjacently below the topmost compartment of a 
windbox, and the total air is composed of the following 
percent compositions: 

between 17 percent-26 percent of primary air, 
between 10 percent-24 percent of additional combustion 

Supporting air, 
between 15 percent-40 percent of overfire air, and 
between 5 percent-40 percent of offset air. 
6. The method of operating a solid fuel-fired furnace 

according to claim 1 wherein the Step for Supplying offset air 
into the furnace includes Supplying offset air from a location 
at a Selected one of the topmost compartment of a windbox, 
adjacently above the topmost compartment of a windbox, 
and adjacently below the topmost compartment of a 
windbox, and the total air is composed of the following 
percent compositions: 

between 21 percent-25 percent of primary air, 
between 13 percent-15 percent of additional combustion 

Supporting air, 
between 30 percent-50 percent of overfire air, and 
between 7 percent-20 percent of offset air. 

k k k k k 


